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The present invention relates to novel potassium channel activators and nnore particulariy is directed to 
indane and quinoline derivatives having potassium channel activating activity. 

In accordance with the present invention novel potassium channel activators having potassium channel 
activating activity are disclosed. These compounds used, for example, as cardiovascular and antiischmeic 
agents have the general fbmiula 



I 




wherein X can be O, S or NCN; provided that when X Is O or S, then A Is a single bond; or when X Is 
NCN, then A can be a single bond, -CHr. -NFV, -S-. -SO- or -SOr, where R« is hydrogen or lower alkyi of 1 
to 4 carbons; 

Yl8NRfl.-0-.Sor 

Rio 
-CH-; 

Ri Is aryl. arylalkyl. heterocydo or (heterocydo)alkyl; 
R2 is hydrogen, hydroxy. 




R3 and R4 are each independently hydrogen, alkyI or arylalkyl, or. R3 and R4 taken together with the car- 
bon atom to which they are attached for a 5- to 7-membered carbocyclic ring; 

Rg Is selected from H, alkyI, haloalkyi, alkenyl, alkynyi, cydoalkyl, arylalkyl. cycloalkylalkyi, -CN, -NO2. 
-COR, -COOR. -CONHR, -CONR2, -CF3, S-alkyl. -SOalkyl. -S02alkyl. 

O 0 0 

II 11/ 
-P(0-alkyl)2i P\ 

0-(CH2)n 

halogen, OCF3. OCH2CF3, 

wherein R in each of the above groups can be hydrogen, alkyI, aryl. arylalkyl. cydoalkyl, (cydoalkyl)alkyl or 
haloalkyi; 

Re is selected from H, alkyI, halo. OH. O-alkyI, amino and substituted amino. O-alkyl. -OCOalkyI, -OCON- 
Ralkyl. -NRCOalkyt and NRCOOalkyl. NRCONR2 wherein R In each of the above groups can be hydrogen, 
alkyl. aryl. arytaikyi, cydoalkyl. (cydoalkyt)alkyl or haloalkyi; 

R7 and Re are each independently selected from hydrogen, alkyl, arylalkyl; 

or Ri and Ra, or Ri and R7, or R7 and Ra taken together can for a 5- to 7-membered ring, which may 
further include an aryl group fused to 2 carbon atoms of such 5- to 7-membered ring; 
nisi. 2 or 3; and. 

Rio Is hydrogen, hydroxy, alkyl or O-alkyl. 
The term "alkyl" used in defining various symbols refere to straight or branched chain saturated hydrocar- 
bon radicals having up to eight cari3ons, preferably from one to five carbons. Similariy. the terms "alkoxy" and « 
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•alkylthk)" refer to such alkyi groups attached to an oxygen or sulfur. 

The term "alkenyl" refers to straight or branched chain hydrocartwn radicals having from two to eight car- 
bons and one double bond, preferably three to five carbons. The tenn'alkynyr refers to straight or branched 
chain hydrocarbon radicals having from two to eight carbons and one triple bond, preferably three to five car- 

5 bons. ..u . 

The term -cydoalkyl" refers to saturated carbocydic rings of 3 to 7 carbon atoms with cydopropyl. cyc- 

lopentyl and cydohexyl being most prefeired. 

The term "halo" or "halogen" refere to chloro, bromo, iodo and fluoro. 

The term "halo substituted alkyI" refere to such alkyl groups described above in which one or more hydro- 
10 gens have been replaced by chloro. bromo or fluoro groups such as trifluoromethyt. which is preferred, pen- 
tafluoroethyl, 2,2.2-trlchloroethyl, chloromethyl, bromomethyl. etc. 

The term "aryl" refere to phenyl. 1-naphthyl. 2-naphthyl or mono substituted phenyl, 1-naphthyl, 2-naphthyf 
wherein said substituent Is alkyl of 1 to 4 carbons, alkylthio of 1 to 4 carbons, alkoxy of 1 to 4 carbons, halo, 
nitro. cyano. hydroxy, amino. -NH-alkyi wherein alkyl is of 1 to 4 carbons. -N(alkyl)2 wherein alkyl Is of 1 to 4 
15 carbons. N(Rii)CORii', N{Rii)CO-haloalkyl, N(Rii)CO-amino, N(Rii)C0-sub8tituted amino. CORn. COORn 
(wherein R,i and Rn' are independently H, alkyl. haloalkyl. aryl. arylalkyi) -CF3. -OCHFj. 



20 




(wherein R12 is hydrogen, alkyl of 1 to 4 carbons, alkoxy of 1 to 4 carbons, alkylthio of 1 to 4 carbons, halo, 
hydroxy or CF3). -O-CHz-cycloalkyi, or -S-CHrcydoalkyl. and di-substiluted phenyl. I^aphthyl. 2-naphthyl 

25 wherein said substltuents are selected from methyl, methoxy. methylthio. halo. CF3. nItro. amino, and OCHFj. 
Preferred aryl groups indude unsubstituted phenyl and monosubstituted phenyl wherein the substltuents 
are nitro, halo, -CF3, alkyl, cyano or methoxy. 

The term "heterocydo" refere to fully saturated or unsaturated rings of 5 or 8 atoms containing one or two 
O and S atoms and/or one to four N atoms provided that the total number of hetero atoms in the ring is 4 or 

30 less. The hetero ring is attached by way of an avaBable atom. Preferred monocyclic hetero groups Indude 2- 
and 3-thienyl. 2- and 3-furyl. 2-. 3- and 4-pyridyl. and imidazolyl. The iem hetero also indudes bicydic rings 
wherein the five or sbc membered ring containing O, S and N atoms as defined above is fused to a benzene 
ring and the bicydic ring is attached by way of an available cart)on atom. Preferred bicydic hetero groups 
indude 4. 5, 6, or 7-indolyl. 4. 5. 6, or THSOlnddyl, 5, 6. 7 or 8-qulnolinyl, 5. 6. 7 or 8-lsoquinolinyl. 4, 5, 6, or 

35 7-benzothiazoiyi, 4. 5. 8 or 7-ben20xazolyl. 4. 5. 6 or 7-benzimidazdyl, 4. 5. 6 or 7-benzoxadiazolyl. and 4. 5. 
8 or 7-benzofuranzanyl. 

The term heterocydo also indudes such monocyclic and bicydic rings wherein an available carbon atom 
is substituted with a lower alkyl of 1 to4carbons. lower alkylthto of 1 to4carbons,loweraikoxyof1 to 4 carbons, 
halo, nitro. keto. cyano. hydroxy, amino. -NH-alkyI wherein alkyl is of 1 to 4 carbons. -N(alkyl)2 wherein alkyl 
40 is of 1 to 4 carbons. CF3. or OCHF2 or such monocydic and bicydic rings wherein two or three available carbons 
have substltuents selected from methyl, methoxy. methylthio, halo, CF3. nitro. hydroxy, amino and OCHF2. 

The temi "substituted amino" refers to a group of the formula -NZ1Z2 wherein Zi is hydrogen, alkyl, cyc- 
toalkyl. aryl. arylalkyi. cydoalkylalkyi and Z2 is alkyl. cydoalkyl. aryl, arylalkyi, cydoalkylalkyi or Z, and Z2 taken 
together with the nitrogen atom to whteh they are attached are l-py^olidinyl. 1-piperidinyi, 1-azepinyl, 4-mor- 
45 pholinyi. 44hlamorphollnyl. 1-piperazinyl. 4-alkyl-1-pipera2inyl. 4-arylalkyl-1-piperazlnyl. 4-diarylalkyt.1-pipe- 
razinyi. 1-pyrrolidlnyl. l-piperidinyl. or 1-azepinyl substituted with alkyl. alkoxy. alkylthio. halo, trifluoromethyt 
or hydroxy. 

The invention also extends to the use of the compounds of fomriula I for treatment of cardiovascular con- 
ditions, pharmaceutical composittons containing the compounds, a method of preparing such compositions 
so comprising combining the compounds with a physiologically acceptable vehide, carrier or exdpient, and a pro- 
cess for preparing the compounds, particulariy such a process as defined in ttie main process daim below. 
Preferred preparation details will now be described. 

The compounds of fomiula I wherein X is NCN and Y is NRs can be prepared by reacting a compound of 
the fbmiula 
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II 



with a thioiirea of the fonnula 



III 



NC-IT 



in the presence of a coupling agent, e.g.. a carbodiimide, in an organic solvent, e.g., dimethylformamide, tet- 
rfiydrofuran. acetonltrlle or dichloromethane. If. for example, dlcydohexylcarbodiimide is used it should be 
employed with an add source. Preferably, the carbodiimide is of the fonnuta 



N-CH2-(CH2 )n-N=C=N-R^ 



HX 



where X is halogen. R.. Rb and Rc are independently alkyl. cycloalkyl. phenyl, phenylalkyl. cydoalkylalkyi or 
Re and Rb taken together with the nitrogen atom to which they are attached for 1-pyrrolidinyl, 1-piperazinyl. 4- 
morphdinyl. 4-thiomorpholinyl, 4-alkyl-1-plperazinyi or 4-phenylalkyl-1-prperazinyl. Most preferably the car- 
bodiimide is 1-(3-dimethyl-aminopropyl)-3-ethylcarbodiimlde hydrochloride. 

The thiourea of fomnula III can be prepared by heating an isothiocyanate of the fonnula 

IV RiN=C=S 

with either monosodium cyanamide. or with cyanamide in the presence of a base, e.g., triethylamine. 

The preparation of compounds of fonnula II can be accomplished using techniques described in the literat- 
ure. For example, compounds of formula II where A Is NH can be prepared using methoddogy described in 
WO 85/00602A. 

Compounds of fomtula II where A is S. SO or SO2 can be prepared using methoddogy described in EP 
322-251-A 

Compounds of fomiula II where A is CH2 can be prepared using methoddogy described in EP 1 68-619-A. 
Compounds of formula II where A is a single bond can be prepared using methoddogy described in EP 
321-175. 

Compounds of fomtula I where X is 0 and Y is NRb can be prepared by reacting a compound of the fonmula 

Rs 

V Ri-N 

with 4-nitrophenylchtorofonfnate to provide an intemfiediate of the fonmula 
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VI 



Ri-N-C-0-<g>-N02 



Intermediate VI can thereafter t>e reacted with the amine of fomduia II In an organic solvent, such as 
dimethytfomiamide. tetrahydrofuran. acetonitrile or dichloromethane to provide the compounds of formula I 
where X Is oxygen and Y is NR^. 

Compounds of fomiula I wherein X is oxygen or sulfur and Y is NRa (where Re is hydrogen) can also be 
prepared from compound of fonmula II by treatment with an isocyanate or isothiocyanate of the formula 

VII RiN=C=Z (Z = O.S). 

Compounds of formula I wherein X and Y are oxygen can be prepared from a compound of formula 11 by treat- 
ment with a chlorofonmate of the formula 



VIII RiOC-Cl 



20 in an organic solvent and in the presence of an amine catalyst 
Compounds of fbmiula I wherein X is oxygen and Y is 

25 

can be prepared by reacting a compound of fomnula II with an acid of the fonmula 

Kx2 0 

^ IX RitH— ^-X« (where = OH,- Cl) 

and a carbodiimide or an acyl chloride of formula XIX In an organic solvent and a base such as triethylamine 
and pyridine. 

35 Compounds of fomiula I wherein X Is sulfur can be prepared by treating compounds of fonnnula I wherein 
X is oxygen with Lawesson's reagent or with P4S10 in organic solvents such as tetrahydrofuran and toluene. 

If any of the R*s in the above reactions contain one or more hydroxy or amino groups, heterocycio wherein 
the heterocycio ring contains an NH such as imidazolyl then the hydroxyl, amino or mercaptan function should 
be protected during the reaction. Suitable protecting groups include benzyloxycarbonyl, t-butoxycari)onyl. ben- 
40 zyl, benzhydryi. etc. The protecting group is removed by standard means following completion of the reaction. 
The compounds of the present invention can have asymmetric centers at ring carbons. Also, any one of 
the R*s can have an asymmetric carbon. Consequently, compounds of fonnula I can exist in diastereomeric 
forms or in matures thereof. The above described process can utilize racemates. enantiomers or diastereomers 
as starting materials. When diastereomeric products are prepared, they can be separated by conventional 
45 chromatographic or fractional crystallization methods. 

The compounds of the present invention wherein R7 is hydrogen. Y is NRs and Rs is hydrogen, can exist 
as a mixture of tautomers represented by the following structures. The tautomeric products are obtained In rela- 
tive amounts that differ from compound to compound. All forms are included in the scope of formula I. 

50 



55 
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Tautomers of formula I similar to I' and I" are also possible wherein Y is O, S and 

Rxo 



45 

and are also Included in the scope of this invention. 

The compounds of formula I and the phamiaceutically acceptable salts act as potassium channel 
activators. Thus, compounds of the present invention are useful caidiovascular agents, e.g. as antnanliytmic 
agents and antlischemic agents. 

50 As described previously, compounds of formula I are paitlcularty useful as antiischemic agents since they 
have been found to possess little or no antihypertensive activity. Thus, compounds of formula I are useful for 
the treatment of ischemic conditions, e.g. myocardial ischemia, cerebral ischemia, lower limb ischemia and the 
like. Preferred are those compounds of formula I wherein Ri Is aryl. These compounds appear to be "selective" 
antiischemic agents, i.e.. they have little or no vasodilatory action in normal tissue. By little or no vasodilatoiy 

55 action is meant that these agents have ICqq (rat aorta) values greater than the known potassium channel 
activator, cromakalim. Preferably, these compounds have ICso (rat aorta) values >1 0 times that of cromakalirn, 
and most preferably >50 times that of cromakalim. The selectivity, i.e., antiischemic activity with little or no anti- 
hypertensive activity, means that in the treatment of, for example, ischemic heart, these compounds are less 
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likely to cause coronary steal, profound hypotension and coronary underperfusion. 

Thus, for example, by the administration of a composition containing one (or a combination) of the conv 
pounds of this invention, ischemic conditions of a mammalian (e.g., human) host are reduced. A single dose, 
or preferably two to four divided daily doses, provided on a basis of about 0.001 to 100 mg per kilogram of body 
5 weightperday. preferably firom about 0.1 toabout25mgperkilogramperday. Is appropriate to reduce ischemic 
conditions. The substance is preferably administered orally, but parenteral routes, such as the subcutaneous, 
intramuscular, or intravenous routes or any other convenient delivery system, such as Inhalation or intranasal 
solutions or transdermal patches, can also be employed. The above doses are also suitable for the other car- 
diovascular and non-cardiovascular uses. 
10 As a result of the potassium channel activating activity of compounds of this invention, these compounds 
are also useful in the treatment of cardiovascular disorders. For example, compounds of the present invention 
are useful as therapy for congestive heart failure, as antl-anglnal agents, as anti^brillatory agents, as throm- 
bolytic agents and in limiting myocardial infarction. 

Compounds of the present inventton are additionally expected to be useful In the treatment of central nerv- 
15 ous system disorders (e.g., Parkinsonism, as anti-tremor agents, epilepsy). 

The compounds of this invention can also be fommilated in combination with a diuretic such as, 
chlorothiazide, hydrochlorothiazide, flumethiazide, hydroflumethiazide, bendroflumethiazide. methylchlothia- 
zide, trichloromethiazide, polythiazide or benzthiazide as well as ethacrynic acid, tricrynafen. chlorthalidone, 
furosemide. musolimine, bumetanide. triamterene, amiloride and spironolactone and salts of such compounds, 
20 angiotensin converting enzyme inhibitors such as captopril. zofenopril. fosinopril. enalapril, ceranopril, cilazop- 
ril, delapril. pentopril. quinapril, ramipril. lisinopril. and salts of such compounds, thrombolytic agents such as 
tissue plasminogen activator (tPA). recombinant tPA, streptokinase, urokinase, prourokinase. and anisoylated 
plasminogen streptokinase activator complex (APSAC. Eminase. Beecham Laboratories), or calcium channel 
blocking agents such as nifedipine or diltiazem. Such combination products if fbmriulated as a fixed dose employ 
25 the compounds of this invention within the dose range described above and the other pharmaceutlcally active 
agent within Its approved dose range. 

The compounds of formula I, and comblnattons thereof, can be fonnulated. as described above, in compo- 
sitions such as tablets, capsules or elixirs for oral administration, in sterile solutions or suspensions for paren- 
teral administration, and may also be administered via transdemial patch or nasal Inhalation solutions. About 
30 10 to 500 milligrams of a compound of fomiula I is compounded with physiologically acceptable vehicle, canrier, 
excipient, binder, preservative, stabilizer, flavor, etc.. in a unit dosage form as called for by accepted phar- 
maceutical practice. The amount of active substance In these compositions or preparations is such that a suit- 
able dosage in the range indicated is obtained. 
Preferred compounds are those wherein 
35 A is a single bond, CH2; 

Ri is aryi, arylmethyl; 
R2 Is H, trans-OIH; 
R3 and R4 are each methyl; 
Rs is H; 
40 Re is CN. NO2; 

R7 is H; 

X is O. S, NCN; 
Yis NRe.CH2;and. 
Rais H. 

45 Most preferred are those compounds wherein 

A is a single bond; 

R^ is phenyl, phenylmethyl; 

R2 Is trans-OH; 

R3 and R4 are each methyl; 
50 Re is H; 

Rfl is CN, NO2; 

R7 is H; 

X is O, NCN; 

Y is NRe; and, 
55 Re is H. 

Specric embodiments of the present Inventton are described hereinafter in the following examples. 
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Example 1 

(<refts)-N"-Cyano-N-(2-hydroxy-3.3Hiimethyl-6-nitrD-1-indanyt)-N'-phe^ 
5 A. 4-Methyl-4-phenyi-2>pentanone 

To a slurry of aluminum chloride (40.0 g. 0.3 mole) in benzene (90 ml) maintained at lO'C under argon 
was added dropwise mesrtyi oxide (19.63 g. 0.2 mole). Upon completion of the addition the reaction was stirred 
at room temperature for 1.5 hours. The reaction mixture was poured onto ice/10% HCI (350 g). The organic 

10 layer was separated and the aqueous layer was extracted with ethyl acetate (1 00 ml). The combined organics 
were washed with distilled water, saturated sodium hydrogen carbonate solution, saturated sodium chloride 
solution and dried over sodium sulfate. The solvent was evaporated under vacuum and the crude product (31 .6 
g) was vacuum distilled (b.p. = 107°C at 3.0 mmHg) to obtain 24.5 g of the title A compound as a coloriess oil. 
iH NMR (CDOa) 6 7.36-7.19 (m, 5H). 2.74 (s, 2H), 1 .80 (s. 3H), 1 .43 (s, 6H). «C NMR (CDQa) 6 207.94, 148.1 6. 

15 128.26, 125.95. 126.46. 56.96, 37.29, 31.76. 28.88. 

B. S-Methyl-3-phenylbutanoic acid 

To a solution of sodium hydroxide (47.2 g. 1 .1 8 mmol) in ice/water (270 g) maintained at 4-5'C was added 
20 bromine (68.7 g, 0.43 mole) followed by the title A compound (23.7 g, 0.135 mole). The reaction was stirred 
18 hours at room temperature. The crude reaction mixture was extracted with carbon tetrachloride (discarded), 
acidified to pH 1-2 with concentrated hydrochloric add solution and extracted with ethyl acetate. The combined 
organics were washed with saturated sodium chloride solution, dried over sodium sulfate and evaporated in 
vacuo to obtain 22.5 g of the titie B compound as an off-white solid. This was used In the next step without 
25 further purification. 

iH NMR (CDCI3) 5 7.88-7.16 (m. 5H). 2.64 (s. 2H). 1.46 (S, 6H). ^^c NMR (CDCI3) 6 177.87. 147.96. 128.23. 
126.04, 125.38. 47.97. 36.97. 28.79. 

C. 3,3-Dimethyl-1 nndanone 

30 

To a solution of the titie B compound (17.1 g. 95.5 mmoles) in benzene (70 ml) was added phosphorous 
pentachloride (23.0 g. 0.11 mole, 1.15 eq.) portionwise with cooling. Upon completion of the addition. Uie reac- 
tion mixture was refluxed for 30 minutes and coded to room temperature. Aluminum chloride (13.1 g, 98.3 
mmoles) was added in increments and the reaciton was heated at reflux for 30 minutes. The reaction mixture 

35 was poured onto ice; ttie oily layer was separated and the aqueous layer was extracted with ethyl acetate. The 
combined organics were washed with 5% hydrochloric acid sdution. saturated sodium hydrogen carbonate sol- 
ution, saturated sodium chloride solution and dried over anhydrous magnesium sulfate. The solvent was evapo- 
rated in vacuo and the crude product (14.3 g) was vacuum distilled (b.p. = 103«C at 2.3 mmHg) to obtain 9.98 
g of the titie C compound as a coloriess oil. 

40 m NMR (CDCI3) 6 7.70 (d. J = 7.62 Hz. 1 H). 7.61 (m, 1 H), 7.50 (d. J = 7.62 Hz. 1 H). 7.39 (m, 1 H). 2.59 (s. 2H). 
1.42 (s. 6H). NMR (CDCI3) 8 205.78. 163.76. 135.26. 134.88. 127.34. 123.45. 123.28. 52.93. 38.47. 29.92. 
29.48. 

D. 1.1-Dlmethyl-5-nitn>-3-indanone 

45 

A mixture of nitric add (90% fuming. 35 ml) and urea (0.17 g) was cooled to -10*C and purged with air for 
20 minutes; the title C compound (8.68 g. 54.2 mmdes) was added and the reaction was stirred for 2 hours at 
-10'C to 5°C. The reaction mbrture was poured Into ice/water and extracted with etiiyl acetate. The combined 
extracts were washed with distilled water, saturated sodium hydrogen carbonate solution, saturated sodium 
50 chloride solution, and dried over anhydrous magnesium sulfate. The solvent was evaporated under vacuum to 
obtain 10.0 g of a yellow solid. The crude product was recrystallized from methanol in two crops to obtain 8.08 
g of the titie D compound as yellow needles. 

IN NMR (CDCI3) 8 8.49 (d. J = 1.76 Hz. IH), 8.45 (d. J = 2.34 Hz. IH), 7.69 (d, J = 8.21 Hz. IH). 2.71 (s. 2H), 
1.49 (s, 6H). «C NMR (CDCI3) 8 203.36, 169.15, 147.84, 136.29, 129.24. 124.84. 118.82, 52.96. 39.13, 29.63. 

55 

E. 1 .1 -Dlmettiyl-5-nitrD-lndan-3-ol 

A solution of ttie titie D compound (6.75 g. 32.9 mmoles) in methanol (200 ml) was coded to 0° and treated 
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with potassium borohydride (1.77 g, 32.9 mmoles). The reaction mixture was stirred one hour at 0-10''C and 
concentrated under vacuum. The residue was partitioned between ethyl acetate and distilled water; the 
aqueous phase was extracted with ethyl acetate. The combined organics were washed with saturated sodium 
chloride solution, dried over anhydrous nriagnesium sulfate and evaporated in vacuo to obtain 6.61 g of the title 
5 E compound as a yellow solid. The crude product was used in the next step without further purification. 

iH NMR (CDCI3) 6 8.12 (s, 1H), 8.07 (d. J = 8.21. 1H), 7.22 (d, J = 8.80 Hz. 1H), 5.24 (m. 1H), 2.39 (dd. J = 
7.04 and 12.90 Hz. 1H). 1.85 (dd. J = 7.04 and 12.90 Hz, IH). 1.35 (s. 3H), 1.17 (s. 3H). ^^C NMR (CDCI3) 6 
159.16. 147.49. 145,36. 124.14. 122,99, 119.79. 73.31, 51.69. 42.56. 29.40. 29.23. 

10 F. 1.1-Dlmethyl-5-nitro-2-indene 

A solution of the title E compound (6.58 g, 31.8 mmoles) and p-toluene sulfonic acid (0.5 g) in benzene 
(165 ml) was refluxed for 18 hours while removing water azeotropically. The reaction mbcture was cooled, 
washed with 2N sodium hydroxide, saturated sodium hydrogen carbonate solution, saturated sodium chloride 
IS solution and dried over anhydrous magnesium sulfate. The solvent was recovered under vacuum to obtain 5.91 
g of the title F compound as an off-white solid. The reaction product was used in the next step without further 
purification. 

1H NMR (CDOa) 5 8.03 (s, 1H), 8.00 (s, 1H). 7.33 (d, J = 7.62 Hz. 1H), 6.59 (d. J = 5.86 Hz, IH). 6.47 (d. J = 
5.86 Hz. 1H). 1.26(s. 6H). '^C NMR (CDQa) 6 160.22. 150.06. 147.44. 143.92. 126.64. 121.36. 120.74, 116.14. 

20 

G. 1.1-Dimethyl'2.3-epoxy-5-nitro-indane 

A solution of the title F compound (4.5 g. 23.8 mmoles) In dichlorometiiane (100 ml) cooled to O'C was 
treated with m-chloroperbenzoic acid (80%. 5.64 g. 26.2 mmoles. 1.1 eq.) and stirred 18 hours at room tem- 

25 perature. The solvent was recovered under vacuum and the residue was partitioned between ethyl acetate and 
10% sodium bisulfite. The organic layer was washed with 2N sodium hydroxide solution (until the wash was 
basic), saturated sodium chloride solution and dried over anhydrous magnesium sulfate. The solvent was 
evaporated in vacuo to obtain 4.84 g of ttie titie G compound as a white solid. The product was used in ttie 
next step without further purification. 

30 1H NMR (CDQa) 8 8.23 (d. J = 1.76 Hz, 1H). 8.11 (dd. J = 2.35 and 8.21 Hz. IH). 7.24 (d. J = 8.21 Hz, 1H). 
4.26 (d. J = 2.93 Hz. IH). 3.73 (d. J = 2.93. IH), 1.38 (s. 3H). 1.20 (s. 3H). «C NMR (CDCI3) 6 160.22, 147.00. 
141.24. 124.43. 120.45. 120.31. 64.90. 56.50. 44.43. 26.69, 22.08. 

H. (fraffs)-3->Amino-1,1-dlmethyl-2-hydroxy-5-nitroindane 

35 

A solution of the titie G compound (4.80 g. 23.4 mmoles) in a mixture of ethanol (24 ml), tetrahydrofuran 
(24 ml) and saturated ammonium hydroxide solution (24 ml) was heated in a tiiick-walled glass pressure bottie 
at 55-60'C for 24 hours. The volatiles were evaporated in vacuo to obtain 5.16 g of a green solid. The crude 
material was recrystallized from hot ethanol in two crops to provide 4.40 g of the titie H compound as a yellow 
40 crystalline solid. 

IH NMR (DMSOnde) 8 8.14 (s. IH). 8.10 (d. J = 8.21 Hz, IH). 7.44 (d. J = 8.21 Hz. 1H). 3.95 (d. J = 8.21 Hz. 
IH). 3.53 (d. J = 8.80 Hz, 1 H), 1 .30 (s. 3H), 1.02 (s, 3H). ^^C NMR (DMSO-de) 6 156.67. 146.91. 145,36, 123.41. 
122.87. 118.89. 88.40. 59.40, 44.02. 25.22, 22.37. 

45 I. (fraffS)-N*-Cyano-N-(2-hydroxy-3.3-dinriettiyl-6>nltro>1-indanyl)*N'-phenylgu 

A solution of the titie H compound (1.0 g. 4.5 mmoles), N-cyano-N'-phenylttiiourea (1.04 g. 5.85 mmoles) 
and 1.(3-dimettiylaminopropyl)-2-ethylcart)odiimide hydrochloride (1.12 g. 5.85 mmoles) in N,N-dimettiylfbr- 
mamide (8.5 ml) was stirred at room temperature under argon for ttiree hours. The reaction mixture was par- 

50 titioned between ethyl acetate and 1 N hydrochloric acid solution. The aqueous layer was extracted witii ettiyl 
acetate. The combined organics were washed with saturated sodium hydrogen carbonate solution, saturated 
sodium chloride solution, dried over sodium sulfate and evaporated in vacuo to obtain 0.58 g of an off-white 
solid. The aqueous hydrochloric acid phase was neutralized with sodium hydrogen carbonate and extracted 
with etiiyl acetate to afford an additional 0.44 g of crude product The product fractions were combined, rec- 

55 rystallized firom mettianol/lsopropanol and triturated with Isopropyl ether to obtain 0.70 g of the titie compound 
as an off-white solid, m.p. 249-251 <'C. 

IH NMR (DMSO-de) 8 9.39 (s. 1H), 8.16 (d, J = 7.63 Hz, IH). 7.94 (s. 1H), 7.79 (d. J = 8.21 Hz. 1H). 7.52 (d, 
J = 8.21 Hz. IH), 7.36 (m, 4H), 7.16 (m. IH), 5.81 (broad s. IH). 5.24 (m, IH), 4.06 (m. IH), 1.31 (s, 3H). 1.08 
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(8. 3H). NMR (DMSO-de) 6 158.86. 156.64. 146.85. 140,92. 137.61. 129.03. 124.77. 123.99. 123.62. 
123.50. 118.63. 116.99, 83.82, 60.06. 43.99. 24.90. 22.51. 

g Analysis calc'd for CigHigNsOs* 

C, 62-46; H, 5.24; N, 19.17; 
Found: C, 62.28; H. 5.17; 19.06. 

10 Example 2 

(tfafis-)N-(2-Hydroxy-3,3-dimethyl-6-nitrD-lHndanyi)-N'>phenyiurea 

To a solution of £rans-3-amino-1.1-dlmethyt-2-hydroxy-5-nitro indane (0.75 g. 3.37 mmoles. as prepared 
IS In part H of Example 1) in refluxing ethanol (6 ml) was added phenyl isocyanate (0.40 g, 3.37 mmoles). The 
reaction mixture was heated at reflux for 3 houre and cooled to room temperature. The product, which had pre- 
cipitated from solution, was collected via suction filtration and washed with Isopropyl ether. In this manner 0.82 
g of the title compound was obtained as a white solid, m.p. 194-195*'C. 

1H NMR (DMSO-dfl) 5 8.66 (s. 1 H). 8.16 (d. J = 8.79 Hz, 1 H). 7.94 (s. 1 H). 7.51 (m. 3H), 7.28 (m. 2H). 6.95 (m, 
20 1H). 6.73 (d. J = 7.62 Hz. 1H), 5.67 (d. J = 5.28 Hz, 1H), 5.00 (t. J = 8.21 Hz, 1H). 3.86 (dd. J = 5.86 and 8.79 
Hz, 1H). 1.36 (s. 3H), 1.09 (s, 3H). "C NMR (DMSO-de) 6 156.53. 155.75, 146.91. 142.36. 140.26. 128.74. 
123.96/l23.47. 121.37. 118.63. 117.91. 84.71. 57.70. 44.11. 25.07. 22AZ 

Analysis calc'd for C18H19N3O4: 

C, 63.33; H, 5.61; N, 12.31; 
Found: C/ 63.21; H, 5.62; N, 12.38. 



30 Examples 

(fra/wVN-(2-Hydroxy>3.3-dimethyl-6-nitro-1-indanyl>»N'-(phenylmethyl)urea 

A solution of /rans-3-amino-1,1-dimethyl-2-hydroxy-5-nitro indane (0.75 g, 3.37 mmoles. as prepared in 
35 part H of Example 1) and benzyl isocyanate (0.45 g, 3.37 mmoles) in ethanol (6 ml) was heated at reflux for 
three hours and cooled to room temperature. The reaction product which had precipitated from solution was 
collected by suction filtration and dried under vacuum to afford 1.13 g of the title compound as a pure white 
solid. m.p. 202-204«C. 

iH NMR (DMSO-de) S 8.14 (dd, J = 2.34 and 8.21 Hz. 1H). 7.91 (s. 1H). 7.50 (d. J = 8.21 Hz, 1H). 7.39-7.25 
40 (m. 5H). 6.61 (m. 1 H). 5.63 (d. J = 5.28 Hz. 1 H). 4.93 (dd. J = 8.21 and 8.79 Hz, 1 H), 4.34 (d, J = 5.68 Hz. 2H). 
3.79 (dd. J = 5.87 and 8.79 Hz. IH). 1.32 (s. 3H). 1.06 (s. 3H). ^^H NMR (DMSO-de) 8 158.63, 156.50. 146,85, 
142.88, 140.81, 128.25. 127.01. 126.61. 123.87, 123.33, 118.66, 84.74. 57.93, 44.05. 44.07. 25.04. 22.42. 

^ Analysis calc'd for C19H21N3O4: 

C, 64.21; H. 5.96; N, 11.82; 
Found: C, 64.07; H, 5.92; N, 11.66. 

50 Example 4 

(fraris)-N-(6-Bromo-1,2.3.4-tetrahydro-3-hydroxy-2,2-dimethvl^ulnolinyl)-^^ 
A. ^ChlorD-3-methylbutyne 

55 

A mixture of 2-methyl-3-butyne-2-ol (84.1 g. 100 mmol) (98.8 ml), hydroquinone (1.0 g). calcium chloride 
(110 g, 100 mmol) in concentrated hydrochloric acid (420 ml) was stirred vigorously (overhead stirrer) while 
keeping the temperature at 20'»C by ice. The reaction mixture was stirred for one hour at room temperature. 
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The organic layer was then separated and dried over anhydrous potassium carbonate. Removal of drying agent 
and distillation at atmospheric pressure gave the desired product (47,0 g), b.p. 76-80'C. 
iH NMR (CDCI3) 6 2.6 (s. 1 H). 1 .85 (s. 6H). 

5 B. 4-Bronio-N-(1 .1>dimethvk2-propynyi)-anillne 

The titie A compound (48.0 g, 470 mmol) was added dropwise to a vigorously stirred mixture of 4-bromoanl- 
line (51.2 g. 298 mmol). triethylamlne (41.0 g, 406 mmole), copper(l)chloride (0.8 g). copper bronze (0.8 g) in 
aqueous ethyl ether (40/200 ml), while maintaining the temperature at 1 5-22«C. The reaction mixture was stin-ed 
10 at room temperature for 4 hours. It was then poured Into aqueous ethyl ether (1 00/200 ml). The organic layer 
was separated and washed with water (100 ml), brine (100 ml) and dried over potassium carbonate and potas- 
sium hydroxide. Removal of drying agent and evaporation of solvent gave a brown oil which was distilled in 
vacuo to give the title B compound (70.0 g). b.p. 120-125°C at 0.1 mm. 

iH NMR (CDCI3) 6 7.26 (d, J = 9.0 Hz. 2H), 6.80 (d. J = 9.0 Hz. 2H). 3.6 (s. IN). 2.4 (s. IH), 1.58 (s, 6H). ^^C 
15 NMR (CDCI3) 6 144.6, 131.6. 118.1. 110.8. 70.9, 40.1, 30.4. 

C. 6-Bromo-2.2>dimethyl-2H-1-dihydroquino!lne 

The titie B compound (70.0 g. 295 mmol) was dissolved in dioxane (250 ml) and treated with copper(l)chlo- 
20 ride (43.5 g). The reaction mixture was heated at reflux temperature for four hours under nitrogen. The reaction 
mbcture was cooled and diluted with ethyl ether (300 ml). It was then washed with water (3 x 1 00 ml), brine and 
dried over anhydrous magnesium sulfate. This was concentrated in vacuo and purified by flash chronwtography 
eluting with hexane/ethyl acetate mixture (8/2) to give 70.0 g of the title C compound. 
IH NMR (CDQa) 6 7.06 (m. 2H). 6.32 (d. J = 8.0 Hz, IH). 6.22 (d. J = 10.0 Hz, IH). 5.54 (d. J = 10.0 Hz, IH), 
25 1.34 (s. 6H). NMR (CDCI3) 6 142.0. 132.0, 130.8, 128.8, 122.6, 121.7, 114.2, 108.3, 52.2. 31.0. 

D. 1-Acetyl-6-bromo-2,2-dimethy1-1,2-dihydroquinoline 

Acetyl chloride (12 ml) was added dropwise to a stinred solution of the title C compound (19.8 g, 83.3 mmol) 
30 and N.N-dimethylaniline (24 ml) in methylene chloride (200 ml) at O^-C. The reaction mixture was stin^d further 
for 24 hours at room temperature and then poured into water (100 ml). The organic layer was separated and 
washed successively with IN hydrochloric add, IN sodium hydrogen carbonate solution, water and brine and 
dried over anhydrous magnesium sulfate. Removal of drying agent and evaporation of solvent gave the crude 
product as a gum (22.4 g). 

35 ^H NMR (CDCI3) 8 7.26 (d. J = 9.0 Hz. IH). 7.16 (s. 1H), 6.68 (d. J = 8.0 Hz, IH). 6.25 (d. J = 10.0 Hz, IH). 
5.73 (d, J = 1 0.0 Hz, 1 H), 2.16 (s, 3H). 1 .54 (s, 6H). "C NMR (CDCI3) 5 172.1 , 140.3, 1 35.6, 1 29.6. 129.0. 1 28.4, 
124.6, 121.4, 117.0, 58.3, 26.2, 25.8. 

E. 1-Acetyl-3,6-dibromo»2,2-dimethyl-1 .2,3.4-tetrahydroquinolln-4-ol 

40 

N-Bromosuccinimide (16.0 g. 89.0 mmol) was added to a vigorously stirred solution of the titie D compound 
(22.4 g, 80.0 mmol) in 10% aqueous dimethyl sulfoxide (150 ml) at 0*»C. The mixture was stirred for one hour 
at room temperature, and then diluted with water (100 ml) and extracted with ethyl acetate (3 x 150 ml). The 
organic extracts were washed witti water, brine, and dried over anhydrous magnesium sulfate. Removal of dry- 
46 ing agent and evaporation of solvent gave the titie E compound as a gum 30.0 g). 

1H NMR (CDCI3) 6 7.73 (d. J = 3.0 Hz. 1H). 7.37 (dd. J = 2.0 & 7.0 Hz. IH). 6.84 (d, J = 9.0 Hz. IH), 4.79 (d. 
J = 9.0 Hz, IH). 3.90 (d, J = 9.0 Hz. IH). 2.76 (d, J = 5.0 Hz, IH), 2.13 (s, 3H), 1.73 (s, 3H), 1.71 (s, 3H). ''3C 
NMR (CDCI3) 6 172.2, 135.8, 134.9. 130.9. 130.7, 128.4. 128.2, 126.5, 126.4, 118.9. 61.3, 26.4, 26.0, 22.8. 

so F. 1 -Acetyl-6-bromo-3,4-epoxy-2.2-dimethyH ,2,3,4-tetrahydroquinollne 

A mixture of the titie E compound (30.0 g, 80.0 mmol) and potassium hydroxide pellets (25.0 g. 438 mmol) 
in ethyl ether (500 ml) was vigorously stirred at room temperature for 72 houre. The solution was filtered and 
mother liquor was concentrated in vacuo to give the titie F compound (23.0 g). 
55 1H NMR (CDCI3) 5 7.51 (d. J = 2.0 Hz. 1H). 7.37 (dd. J = 2.0 & 6.0 Hz, IH). 6.71 (d. J = 8.0 Hz. IH), 3.78 (d, 
J = 4.0 Hz. IH), 3.40 (d, J = 4.0 Hz, IH), 2.09 (s, 3H), 1.89 (s, 3H), 1.18 (s, 3H). NMR (CDCI3) 6 173.3, 
136.9, 132.0, 131.8, 128.0, 126.9, 117.6, 66.76, 56.1, 51.2. 26.4, 25.6, 22.4. 
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G. 1-Ac»tyl-6-bromo-3-hydroxy-4-amino-2.2-diinethyi-1 ,2,3,4-tetrahydroquinonne 

A solution of the title F compound (18.0 g, 61.0 mmol) in ethanol (150 ml) was treated with concentrated 
ammonium hydroxide (150 ml) and heated at reflux for 24 hours. It was then concentrated in vacuo and triturated 
5 with ethyl ether to give the title G compound as a solid (14.0 g). 

iH NMR(DIS^SO-de) 6 8.07 (d. J = 9.0 Hz. 1H). 7.01 (d. J = 8.0 Hz. 1H). 6.94 (s. 1H), 6.94 (s, 1H). 6.43 (d, J = 
8.0 Hz, 1H). 5.9 (s, IH). 5.07 (s. IH), 4.71 (t. J = 9.0 & 10.0 Hz. 1H), 3.33 (m. 2H). 1.92 (s. 3H). 1.16 (s. 3H). 
1.06 (s. 3H). NMR (CDCI3) 5 170.2. 143.3. 130.0. 129.8. 123.2. 115.5. 106.2. 73.5. 53.6, 50.3. 27.4. 23.0. 
20.5. 

10 

H. 6-Bromo-3-hydraxy-4-amino-2.2-dimethyi-1.2,3.4-tetrahydroqulnoline 

To a solution of the title G compound (20.0 g, 64.1 mmol) in dioxane (100 ml) was added concentrated 
sulfuric acid (20 g) in water (50 ml) and the reaction mixture was heated under reflux for 16 hours. Dioxane 
IS was distilled off and the reaction mixture was diluted with water (50 ml), basified to pH 13 by addition of ION 
sodium hydroxide, and extracted with ethyl acetate (3 x 150 ml). The combined organic layere were washed 
with water and dried over anhydrous magnesium sulfate. It was concentrated in vacuo and triturated with iso- 
propyl ether to give the title H compound as a solid (13.0 g). 

IH NMR (DMSC^de) 6 7.55 (s. IH). 7.25 (dd. J = 2.0 & 6.0 Hz, IH). 6.48 (d, J = 8.0 Hz. IH). 3.77 (d. J = 10.0 
20 Hz, 1H). 3.40 (d, J = 10.0 Hz, IH). 2.60 (broad singlet. 3H), 1.47 (s. 3H). 1.26 (s. 3H). ^^C NMR(CDCl3) 5 171.9. 
142.3, 130.1. 129.8. 115.2. 107.3. 75.5. 53.5. 50.8. 26.7. 22.4. 19.9. 

I. (<^ns>^K6-Bromo-1,2,3.44etrahydro-3-hydroxy-2.2-<iimethyl-4-quinolinyl)-N''-^^ 

25 The solution of N-cyano-N'-phenylthiourea (4.3 g. 24.2 mmol) and the title H compound (5.0 g. 1 8..6 mmol) 
in dimethylfbmiamide (30 mL) under argon was treated with 1.(3-dimethylaminopropyl)-2-ethylcarbodlimide 
hydrochloride (4.6 g, 24.2 mmol). The reaction was stirred at room temperature for 2 hours and then partitioned 
between 1N hydrochloric acid and ethyl acetate. The aqueous phase was reextracted with ethyl acetate and 
the combined extracts were washed with water, sodium bicart)onat» and brine. After drying over anhydrous 

30 magnesium sulfate, the solvent was evaporated and the residue was flash chromatographed on silica gel eluting 
with a mfarture of hexanes/ ethyl acetate (1:1/21, 1:2/21), ethyl acetate (21) to yield the title compound (3.4 g), 
m.p. 232-2330C. 

IH NMR (DMSO-de) 6 9.2 (s. 1 H). 7.64 (d, J = 9.0 Hz, IH). 7.40 (m. 6H). 7.16 (m. IH). 6.53 (d, J = 8.8 Hz, 1 H). 
6.0 (s, IH), 5.6 (br s. 2H). 4.92 (t, J = 9.0 Hz. IH), 3.6 (m, IH). 1.27. 1.10 (s, 3H each). «C NMR (DMSO^e) 
35 6 159.1. 143.2. 137.8. 130.2, 129.6, 128.9. 124.3, 122.9, 122.2. 117.2. 115.5. 106.0. 73.0, 53.8. 27.2, 20.5. IR 
(KBr) 3419.2 2968.0. 2927.7. 2174.7. 1581.5. 1489.6, 1456.0. 1383.9, 1076.7 crrr^ 

Analysis cacl'd for CisHaoBrNsO: 
40 c, 55.08; H, 4.87; N, 16.91? 

Found: C, 55.59; H, 4.92; N, 16.67. 

Example 5 

45 

(frans)'N-(6<:yano>1.2,3,4-tetrahydro-3-hydroxy-2,2-<iimethyl^uinolinyl)-N"-cyano-N'-phenyi-^ 
A. 1-Acetyl-6-bromO"3-hydroxy-4-amino-N-acetyl-2,2-dimethyl-1 .2,3,4-tetrahydroquinoline 

so A suspension of 1 -acetyl-6-bromo-3-hydroxy-4-amino-2.2-dimethyl-1 .2,3,4-tatrahydroquinoline (2.6 g. 8.0 
mmol, prepared as described in part G of Example 4) in acetic anhydride (30 ml) was treated with sodium ace- 
tate (2.4 g) and heated at 90*'C for 3 hours. It was then poured into water and extracted with ethyl acetate (3 
X 150 ml). The combined organic layers were washed with water, dried over magnesium sulfate and concen- 
trated in vacuo. The residue was triturated with isopropyl ether to give the title A compound as a solid (2.0 g). 

55 iH NMR (CDCIs) 5 7.31 (s. IH). 7.18 (dd J = 3.0 & 7.0 Hz, IH), 6.41 (d. J = 9.0 Hz, IH). 5.70 (d. J = 9.0 Hz. 
IH). 5.36 (t J = 10.0 Hz, IH). 4.97 (d. J = 10.0 Hz. IH), 2.16 (s, 3H), 2.10 (s, 3H). 1.28 (s. 3H). 1.24 (s. 3H). 
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B. 1-Acetyl>6<yano-3-hydroxy-4>amino-N>-^cetyl-2.2<limethyl-1.2^ 

A solution of the tide A compound (2.0 g. 5.6 mmol) and copper(l)cyanide (1.0 g) in N-methyl pyrrol idone 
(1 5 ml) was heated at 200*»C for 4 hours. After cooling, the mixture was poured into 6N ammonium hydroxide 
5 solution (100 ml) and extracted with ethyl acetate (3 x 150 ml). The combined extracts were washed with water 
and dried over anhydrous magnesium sulfate. Removal of solvent in vacuo gave the title B compound as an 
oil (1.6 g). 

1H NMR (CDOa) 8 7.26 (s, 1H), 7.16 (d. J = 8.0 Hz, 1H). 6.41 (d, J = 9.0 Hz, 1H). 6.09 (d. J = 10.0 Hz. 1H). 
6 18 (t, J = 10.0 Hz. 1H). 4.84 (d, J = 10.0 Hz, 1H). 4.69 (s. 1H), 2.25 (t, J = 8.0 Hz, 1H), 2.04 (s, 3H). 1.99 (s, 
10 3H), 1.18 (8, 3H), 1.13 (s, 3H). "C NMR (CDCI3) 8 171.0. 170.8, 146.2, 132.4. 120.0, 1 19.6, 1 14.0. 99.2. 75.1, 
53.5. 49.3, 48.5, 30.6, 26.9. 23.1, 22.3. 20.7. 



C. 6-Cyano-3-hydroxy-4-amlno-2,2-dimethyl-1 ,2.3.4-tetrahydroquinoline 

IS To a solution of the title B compound (1 .6 g, 5.3 mmol) in dioxane (1 5 ml) was added concentrated sulfuric 
add (1.6 g) In water (10 ml) and the reaction was heated under reflux for 16 hours. Dioxane was distilled off 
and the reaction mixture was diluted with water (50 ml), baslfied to pH 13 with ION sodium hydroxide and ext- 
racted with ethyl acetate (3 x 150 ml). The combined organic layers were washed with water and dried over 
anhydrous magnesium sulfate. The solvent was evaporated in vacuo and the residue was triturated with iso- 

20 propyl ether to give the title C compound as a solid (0.7 g). 

IN NMR(DMSCMl6) S 7.58 (s. 1H). 7.17 (dd. J = 8.0 Hz, 1H), 6.36 (d. J = 9.0 Hz. 1H), 4.5 (s. 1H). 3.55 (d. J = 
10.0 Hz. 1H). 3.14 (d. J = 10.0 Hz, 1H). 1.27 (s. 3H). 1.06 (s, 3H). «C NMR (CDOa) 8 146.3. 131.9, 131.5. 
113.2. 76.8, 53.9, 51.8. 27.9, 22.4. 21.9. 

25 D. ffrans)-N-(6-Cvano-1,2,3.4-tetrahydro-3-hvdroxy-2,2-dimethyl^uinolinvl)-N"^^ 

The solution of N-cyano-N'-phneyltiilourea (0.72 g, 4.1 mmol) and the titie C compound (0.68 g. 3. 1 mmol) 
in dimettiylforamide (10 mL) under argon was treated witti 1-(3-dimetiiylaminopropyl)-2-ethylcarbodiimide 
hyrochloride (0.89 g, 4.7 mmol). The reaction was stirred at room temperature for 2 houre and then partitioned 
between IN hydrochloric acid and ethyl acetate. The aqueous phase was reextracted with ethyl acetate and 
ttie combined extracts were washed witii water, sodium bicarbonate and brine. After drying over anhydrous 
magnesium sulfete. tiie solvent was evaporated and ttie residue was triturated with ether to give a coloriess 
solid (1 .0 g). It was recrystallized from ettiyl acetate to yield the titie compound, m.p. 21 8-21 9**C. 
iH NMR (DMSO-<le) 8 9.32 (s. 1H). 7.67 (d. J = 9.0 Hz. 1H). 7.40 (m. 6H). 7.22 (m. 1H). 6.96 (s. 1H). 6.63 (d, 
35 J = 8.2 Hz. 1 H). 5.6 (br s. 2H). 4.91 (t J = 9.0 Hz, 1 H). 3.46 (m. 1 H). 1 .30, 1 .1 3 (s. 3H each). NMR (DMSO-de) 
S 159.2. 147.5, 137.8. 131.7. 129.0. 124.4. 123.2. 120.2, 117.3. 113.5. 95.4. 54.0. 53.2. 27.1. 21.3. IR(KBr) 
3427.7. 2214.4. 2175.8. 1610.7. 1581.7. 1510.4 cmrK 



30 



40 



Analysis calc'd for C2oH2oN60-0.4 H2O: 

C, 65.35; H. 5.70; N, 22.87; 
Found: C, 65.24; H, 5.45; 23.07. 



45 Example 6 



N-{6-Cyano-3,3-dimettiyl-1 nndanvD-N'-phenylurea 
A. 5-Amino-1 . 1 -dimethylHndan-3-one 

so 

A solution of 1.1-dlmettiyl-5-nitro-lndan-3^ne (6.5 g, 3.17 mmoles, prepared according to part D of 
Example 1) in methanol (150 ml) containing 5% palladium on carbon (0.75 g) was stin-ed under hydrogen gas 
at 1 5 psi for four hours. The catalyst was filtered and ttie methanol was recovered under vacuum to obtain a 
green solid (5.72 g). The reaction productwas used in ttie next step wittiout further purification. ^H NMR (CDCI3) 
55 5 7.26 (d, J = 8.20 Hz. 1H). 6.95 (m. 2H), 3.82 (broad s, 2H). 2.55 (s. 2H). 1.36 (s, 6H): ^^C NMR (CDCI3) 6 
206.25. 154.53. 146.05. 136.27, 124.04. 123.03. 107.14. 53.41. 37.74. 30.04. 
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B. S-Cyano-1,1-dimethyiindan-3-one 

To a solution of the titie A compound (5.70 g, 32.5 mmoles) In ethanol (28.5 ml) cooled to 0«C was added 
cold dilute aqueous hydrochloric acid solution (7.98 ml concentrated hydrochloric acid in 57 ml water) followed 
by a solution of sodium nitrite (2.51 g) dissolved In water (17 ml) dropwise until a positive starch-iodide test 
was obtained. The diazonium salt solution was transferred to a jacketed addition funnel (cooled to 0«C) and 
added dropwise to a suspension of KCN (8.44 g, 0.13 mole) and CuCN (1 1.57 g. 0.13 mole) in water (115 ml) 
heated to eO^'C. The reaction mixture was stinned an additional 25 minutes at 90*^0, cooled to room temperature 
and partitioned between water and diethyl ether. The organic phase was washed with saturated sodium chloride 
solution, dried over anhydroua magnesium sultate and evaporated in vacuo to obtain 7.25 g of an orange solid. 
The crude product ws crystallized from isopropanol to obtain the title B compound as a yellow solid (3.7 g). 
The residue obtained upon evaporation of the nrother ilquor (1.54 g) was chromatographed on silica eluting 
with hexane/ acetic acid (4:1) to afford an additional 0.44 g of product for a combined yield of 70.2%. NMR 
(CDCI3) 5 7.98 (s, 1H). 7.87 (d. J = 8.21 Hz. 1H). 7.66 (d. J = 8.21 HZ. 1H). 2.66 (s. 2H). 1.49 (s. 6H); i^C NMR 
(CDCIa) 6 203.42. 167.45. 137.59, 135.89, 127.68. 124.86, 117.95. 111.79. 52.58. 39.16. 29.60; MS: 
(M+H)^-203. M— 185. 

C. S-Cyano-1.1-dlmethyt-indan-3-ol 

To a slurry of the title B compund (3.50 g, 18.89 mmoles) in absolute ethanol (195 ml) cooled to 0*»C was 
added sodium borohydride (0.72 g. 18.89 mmoles). The reaction mixture was wamied to room temperature and 
stirred under argon for three hours. The ettiand was recovered under vacuum; ttie residue was partitioned be- 
tween ettiyi acetate and water. The aqueous phase was extracted witii ethyl acetate. The combined organics 
were washed with saturated sodium chloride solution, dried over anhydrous magnesium sulfate and evaporated 
in vacuo to obtain 3.66 g of a yellow gum. The crude product was chromatographed on silica eluting with 7:3 
hexane/etiiyl acetate to obtain the titie C compound as a coloriess gum (3.15 g). NMR (CDCI3) 6 7.66 (s. 
1H). 7.58 (d. J = 7.63 Hz. 1H). 7.28 (d. J = 7.63 Hz. 1H). 5.29 (m. 1H), 2.42 (dd. J = 7.04. 12.90 Hz. 1H). 1.88 
(dd. J = 6.74. 13.20 Hz. 1H). 1.40 (s. 3H). 1.22 (s 3H); i^C NMR (CDCI3) 6 157.13. 145.01. 132.38. 128.20. 
123.15. 119.17. 110.20. 73.22. 51.18. 42.59. 29.32. 29.09; MS: (M+NH4)*-205. 

D. 3-Chloro-5-Cyano-1.1-dimethylindane 

To a solution of tiie titie C compound (3.1 5 g. 16.82 mnwles) in pyridine (31 .5 ml) cooled to O^'C was added 
dropwise methanesulfonyi chloride (3.85 g. 33.6 mmoles. 2 eq.). The reaction mixture was wanned to room 
temperature, stin-ed under argon for four hours, then partitioned between ethyl acetate and cold dilute (5%) 
aqueous hydrochloric acid solutton. The aqueous phase was extracted with ethyl acetate. The combined 
organic layers were washed witti 5% hydrochloric acid solution, saturated sodium hydrogen carbonate solution, 
saturated sodium chloride solution, dried over anhydrous magnesium sulfate and evaporated in vacuo to obtain 
ttie titie D compound as an orange oil (3.01 g) which solidified upon standing. The reaction product was used 
in the next step without further purification. ^H NMR (CDCI3) 8 7.71 (s, 1H). 7.62 (dd. J = 1.10, 7.92 Hz. 1H). 
7.32 (d. J = 7.92 Hz. 1H). 5.40 (dd, J = 5.42. 7.1 3 Hz, 1 H). 2.62 (dd. J = 7.48, 14.06 Hz. 1H), 2.30 (dd. J = 5.22. 
13.92 Hz. 1H). 1.46 (s. 3H). 1.30 (s. 3H); ^^C NMR (CDCI3) 5 156.89, 142.96. 133.01, 129.19, 123.45. 118.84, 
111.06. 58.61, 51.41. 43.91. 29.20. 28.94; MS: (M+NH4)*'-223. M--205, 

E. 3-Azido-5«cyano-1 .1-dimethylindane 

A solution of the titie D compound (3.0 g. 14.6 mmoles) and sodium azide (1.9 g. 29.2 mmoles, 2 eq.) in 
N,N-dlmettiylfOfmamide (30 ml) was stirred under argon at room temperature for 1 8 hours. The reaction mixture 
was partitioned between water and ethyl acetate. The aqueous phase was extracted with ethyl acetate. The 
combined organics were washed witti water. 10% sodium carbonate solution, saturated sodium chloride solu- 
tion, dried over anhydrous magnesium sulfate and evaporated under vacuum to obtain ttie titie E compound 
as an orange gum (2.14 g). The reaction product was used in the next step witiiout further purification. ^H NMR 
(CDCI3) 5 7.64 (s. 1H). 7.61 (s. 1H). 7.31 (d. J = 8.21 Hz, 1H). 4.95 (d. J = 6.74 Hz. 1H). 2.40 (dd. J = 7.32. 
13.20 Hz, 1H). 2.02 (dd. J = 6.15. 13.20 Hz. 1H), 1.40 (s. 3H). 1.19 (s, 3H); ^^C NMR (COag) 5 157.14. 140.67, 
132.81, 128.06. 123.39, 118.55. 110.58, 62.69. 46.96, 42.53. 28.71; MS; (M+NH4)*-230. 
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F. 3-Amino^yano-1,1-dimethytindane 

A solution of the title E compound (2.14 g, 10.1 mmoles) in ethanol (55 ml) containing 5% palladium on 
carbon (0.29 g) was stirred under hydrogen gas for three hours at room temperature. The reaction mixture was 
filtered to remove the catalyst. The filtrate was acidified to pH 1-2 with concentrated hydrochloric acid and con- 
centrated under vacuum to obtain an off-white semi-solid. The crude product was partitioned between water 
and ethyl acetate. The organic phase was discarded; the aqueous phase was adjusted to pH 1 1-12 with 50% 
sodium hydroxide solution and extracted with diethyl ether. The extract was washed with saturated sodium 
chloride solution, dried over sodium sulfate and evaporated in vacuo to provide the title F compound as a pale 
green gum. (1.16 g). iH NMR (CDOa) 6 7.61 (s, 1H). 7.51 (d, J = 7.62 Hz. 1H). 7.25 (d. J = 7 62 H^, 1H) 4>J2 
(d J = 7.92 Hz. IH). 2.42 (dd. J = 7.32. 12.60 Hz, IH). 1.63 (m. IH). 1 .39 (s. 3H). 1.19 (s. 3H); i3C NMR (CDCI3) 
S 156.62. 147.15. 131.22. 127.05. 122.53, 1 19.01. 109.89. 53.96. 52.84. 41.92. 28.65. 28.07; MS: (M+H)*-'187. 
(M-H)-- 185. 

G. r4-(6-Cvano-3,3-dimethyl-1-lndanyl)-N'-phenylurea 

A solution of the title F compound (0.40 g, 2.1 5 mmd) and phenyl isocyanate (0.26 g. 2.1 5 mmole) in ethanol 
(3.5 ml) under argon was heated at reflux for three hours. The solvent was recovered under vacuum and the 
residue was chromatographed on silica gel eluting with 7:3 hexane/ethyl acetate to obtain a white amorphous 
solid (0.49 g). This material was further purified by crystallization from isopropyl ether to obtain the title com- 
pound as a pure white solid (0.39 g). m.p. 150-152°C. ^H NMR (DMSO-de) 6 8.47 (s. IH). 7.73 (d. J = 7.62 Hz. 
IH). 7.66 (s, IH). 7.46 (m. 3H). 7.25 (d. J = 7.62 Hz. 2H). 6.92 (d. J = 7.33 Hz. IH). 6 62 (d J = Hz J H^ 
5 28 (m. IH). 2.37 (dd. J = 7.62. 12.90 Hz. IH). 1.77 (d. J = 8.80 Hz. IH). 1.38 (s. 3H). 1.21 (s. 3H); NMR 
(DMSO-de) 6 157.05, 155.12. 144.81. 140.26. 132.11. 128.68. 127.73, 123.59. 121.25. 119.06. 117.80. 109.48. 
51.88, 48.72. 42.18. 28.64, 28.38. 

Analysis calc'd for CigHieNsOs 

C, 74.73; H, 6.27; N, 13.76; 
Found: C, 74.94? H, 6.34; N, 13.65. 



Example 7 

N-(6-Cyano-3.3-dinfiethyl-lHndanyl)-N'-(phenyl-methyl)urea 

A solution of 3-amlno-5.cyano-1.1.dimethylindane (0.40 g, 2.15 mmol. prepared according to part F of 
Example 6) and benzyl isocyanate (0.29 g, 2.15 mmole) in ethanol (3.5 ml) under argon was heated at reflux 
for three hours. The solvent was recovered under vacuum to obtain 0.87 g of yellow gum. The crude product 
was chromatographed on silica eluting with 1:1 ethyl acetate/hexane to obtain an amorphous white solid (0.44 
g). The chromatogrpahy isolate was further purified by crystallization from isopropyl ether to afford the title com- 
pound as a pure white solid (0.40 g), m.p. 130-132«'C. ^H NMR 6 7.71 (d. J = 8.21 Hz. IH). 7.52 (s. 1H). 7.44 
(d, J = 7.63 Hz. IH), 7.31 (m. 5H). 6.44 (m, 2H). 5.22 (m. 1H), 4.28 (d. J = 5.86. 2H). 2.30 (dd. J = 7.04. 12.90 
Hz, IH), 1.71 (dd. J = 9.38, 12.31 Hz.lH). 1.35(s,3H). 1.17(s.3H); t3C NMR 5 157.97. 156.88. 145.38. 140.75. 
131.88, 128.19, 127.59. 126.98. 126.58, 123.50, 119.06, 109.33, 52.06, 48.74, 42.98, 42.00, 28.64, 28.21. 

Analysis calc'd for C20H21N3O: 

C, 75.21; H, 6.63; N, 13.16; 
Found: C, 75.31; H, 6.79; N, 12.95. 

Example 8 

N''-Cyano-NM6-cyano-3.3-dimethyl-1-indanyi)-N'-phenylguanidine 

A solution of 3-amino-5-cyano-1.1-dimethyl-indane (0.30 g. 1.58 mmol. prepared according to part F of 
Example 6), N-cyano-N'-phenylthiourea (0.36 g. 2.05 mmol) and 1-(3-dimethylaminopropyl)-2-ethylcar. 
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bodllmlde-Ha (0.39 g, 2.05 mmol) In N,N-dimethylfonnamide (2 ml) was stirred at room temperature for three 
hours. The reaction mixture was partitioned between 10% citric acid solution and ethyl acetate. The organic 
fraction was washed with distilled water, saturated sodium hydrogen cart)onate solution, saturated sodium 
chloride solution, dried over anhydrous magnesium sulfate and evaporated in vacuo to obtain 0.54 g of an off- 

5 white solid. The crude reaction product was crystallized from the minimum amount of ethanol to provide the 
title compound as a pure white solid (0.35 g), m.p. 215-217»C. NMR (DMSO-de) 6 9,25 (s, 1H). 7.73 (m. 
2H) 7 62 (d. J = 8.79 Hz. 1H). 7.46 (d. J = 7.62 Hz, 1H), 7.34 (m. 4H), 7.13 (m. 1H). 5.49 (dd. J = 8.21, 16.42 
Hz,*1H). 2.34 (dd, J = 7.62, 12.31 Hz, 1H). 1.92 (dd. J = 9.38, 12.32 Hz, 1H). 1.33 (s, 3H). 1.18 (s. 3H): "C 
NMR (DMSO-de) 6 158.06. 156.96. 143.48. 137.61. 132.20. 128.94, 127.76. 124.77. 123.70. 123.56. 119.12. 

10 116.96. 109.42, 54.22. 47.65. 42.12, 28.93, 27.87. 

Analysis calc'd for C20H19N5 •0-22H2O: 

C, 72.05; H, 5.88; N, 21.01; 
Found: C, 72.40; H, 5.92; N, 20.66. 



20 Claims 

1. A compound having the formula 



25 



30 



35 

wherein X can be O. S or NCN; 

provided that when X is O or S, then A is a single bond; or when X is NCN. then A can be a single 
bond. -CHr. -NRg-. -S-, -SO- or -SOr. where R9 is hydrogen or lower alkyi of 1 to 4 carbons; 
Yls-NRe. -O-. -S-or 

40 

Rio 
-CH-; 

45 Ri is aryl. arylalkyi, heterocydo or (heten)cyclo)allcyl; 

R2 Is hydrogen, hydroxy. 

-OCCHs ; 

R3 and R4 are each independently hydrogen, alkyl or arylalkyi. or, R3 and R4 taken together with 
the carbon atom to which they are attached form a 5- to 7-membered carbocyclic ring; 

Re is selected firom H, alkyl. haloalkyl. alkenyl. alkynyl. cydoalkyl. arylalkyi. cydoalkylalkyl. -CN, 
55 -NO2, -COR, -COOR. -CONHR. -CONR2. -CF3. S-alkyI, -SOalkyl. -SOjalkyl, 
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J 




O p , 



(0-alkyl)2 



R 



0-(CH2)j^ 



halogen, OCF3. OCH2CF3, wherein R in each of the above groups can be hydrogen, alkyi, aryl. arylalkyl. 
cydoalkyl, (cycloaikyl)alkyl or haloaikyi; 

Re is selected from H, alkyI, halo, OH, O-alkyl. amino and substituted amino. 0-alkyl. -OCOalkyl, 
-OCONRalkyl. -NRCOalkyI and NRCOOalkyl, NRCONR2 wherein R In each of the above groups can be 
hydrogen, alkyi, aryl. arylalkyl, cydoalkyl. (cydoalkyl)alkyl or haloaikyi; 

R7 and Ra are each independently selected from hydrogen, alkyl, arylalkyl; 

or Ri and Re, or Ri and R7 or R7 and Re taken together can fonn a 5- to 7-membered ring, which 
may further indude an aryl group fused to 2 carbon atoms of such 5- to 7Hfnembered ring; 

n Is 1,2 or 3; and, 

Rio Is hydrogen, hydroxy, alkyl or O-alkyl. 

2. A compound of claim 1 wherein 

A is a single bond, CH2; 

Rt is aryl, arylmethyl; 

R2 is H, trans-OH; 

R3 and R4 are each methyl; 

Rfi is H; 

Re is CN, NO2; 

R7 is H; 

XlsO.S, NCN; 

Y is NRs. CH2; and. 
RelsH. 

3. A compound of daim 1 wherein 

A Is a single bond; 

Ri is phenyl, phenylmethyl; 

R2 is trans-OH; 

R3 and R4 are each methyl; 

Re is H;. 

Re Is CN. NO2; 

R7IS H; 

X Is O, NCN; 

Y is NRe; and, 
Ra is H. 

4. A compound of claim 1 having the name (lrans)-N"-cyano-N-(2-hydroxy-3,3-dimethyl-6-nitro-1-indanyi)- 
N'-phenylguanidine. 

5. A compound of daim 1 having the name (ffans-)N.(2-hydroxy-3,3-dimethyl-6-nilro-1-indanyl)-N'-phenylu- 
rea. 

6. A compound of daim 1 having the name (fr9ns)-N-(2-hydroxy-3.3-<limethyl-6-nltro-1-indanyl)-N'-(phenyl- 
methyl)urea. 

7. A compound of daim 1 having the name (ffa/is)-N-(6-bromo-1.2.3,4-tetrahydro-3-hydroxy-2,2-dimethyl- 
4-quinolinyl)-N''-cyano-N'-phenyl-guanidine. 

8. A compound of daim 1 having the name (frans)-N-(6-cyano-1 .2.3,4-tetrahydro-3-hydroxy-2.2-dimethyi-4- 
qumolinyl)-N''-cyano-N'-phenyl-guanidine. 

9. A compound of claim 1 having the name N-(6-cyano-3.3-dimethyl-1-indanyl>-N'-phenyiurea. 
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10. A compound (rf claim 1 having the name N-(6-cyano-3.3-dimethy)-1-indanyl)-N'-(phenyl-methyl)urea. 

11. A compound of claim 1 having the name N'-cyano4<l'-(6-cyano-3.Mimethyl-1-indany1)-N'-phenylguani- 
dlne. 

12. A compound of any preceding daim. for use in the treatment of cardiovascular conditions. 

13. Use of a compound of any one of claims 1-12. fbr the manufacture of a medicament for treating cardiovas- 
cular conditions. 

Claims for the following Contracting States: ES, 6R 

1. A process for preparing a compound of the formula 



I 



\ 
Rh 



wherein X can t>e O, S, or NGN; 
provided that when X is O or S. then A is a single bond; or when X is NCN. then A can be a single bond, 
-CHr. -NR*-. -S-. -SO- or -SOr. where R» is hydrogen or lower alkyl of 1 to 4 carbons; 

Yis-NRe.-0-.-S-,or 

Rio 
-Im-: 



Ri is aryi, arylalkyl. heterocydo or (heterocyclo)alkyl; 
Rj is hydrogen, hydroxy, 

-OCCHa ; 

II 
0 



R3 and R4 are each independently hydrogen, allcyl or arylalkyl, or. R3 and R4 taken together with 
the carbon atom to which they are attached form a 5- to 7-membered carbocydic ring; 

Rfi is selected from H. alkyl. haloalkyl. alkenyl. alkynyl. cydoalkyl. arylalkyl, cydoalkylalkyl. -CN. 
NQ2. -COR, -COOR. -CONHR, -CONR2, -CF3, S-alkyl.-SOalkyl. 



wherein R in each of the above groups can be hydrogen, alkyl. aryl. arylalkyl. cydoalkyl. (cydoalkyl)alkyl 
or haloalkyl; 

Re is selected from H. alkyl, halo, OH, O-alkyl. amino and substituted amino. 0-aikyl, -OCOalkyl. 
-OCONRalkyl, -NRCOalkyI and NRCOOalkyl. NRCONR2 wherein R In each of the above groups can be 
hydrogen, alkyi. aryl. arylalkyl, cydoalkyl. (cydoalkyl)alkyl or haloalkyl; 
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Rt and Re are each independentiy selected from hydrogen alkyl. arylalkyi; 
or Ri and Ra. or Ri and R7 or R7 and Ra taken together can form a 5- to 7-menit)ered ring, which 
may further include an aryl group fused to 2 carbon atoms of such 5- to 7-membered ring; 
n Is 1,2 or 3; and 

R,o is hydrogen, hydroxy, alkyl or 0-alkyl; 
which process comprises reacting a compound of the formula 



II 



Rt-NH 



10 



IS 



R5 




with a compound of the formula 



20 



25 



III 



in a solvent and 

in the presence of a coupling agent; or 

reacting a compound of formula II with a compound of the fbmiula 



30 



Rj-N-C-O-/ C V- NO2 



35 



in a sokent; or 

reacting a compound of the formula II with a compound of the fbmfiuta 
40 RiN=^C=Z 
where Z Is oxygen or sulfun or 

reacting a compound of formula II with a compound of the formula 



55 



RiOC-Ci 



in a solvent and in the presence of an amino catalyst; or reacting a compound of fonnula II with a compound 
50 of the formula 

RxCH H-X' 



where X' is -OH or -CI, 

in a solvent and in the presence of a carbodiimide or acyi chloride and in the presence of a base; or 
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reacting a compound of the formula I where X is oxygen with Lawesson's reagent or P4S10 in a sol- 
vent. 

2. A process of claim 1 wherein 

A is a single bond, CH2; 

Ri is aryl, arylmethyl; 

R2 is trans-OH; 

Ra and R4 are each methyl; 

Reis H; 

Re Is CN. NO2; 

R7 Is H; 

XisCS.NCN; 

Y is NRa, CH2; and. 
Re is H. 

3. A compound of claim 1 wherein 

A is a single bond; 

Ri Is phenyl, phenylmethyl; 

R2 is trans-OH; 

R3 and R4 are each methyl; 

Rsis H; 

Re Is CN. NO2; 

R7I8H; 

XisO.NCN; 

Y is NRe; and. 
Re is H. 

4. A process of daim 1 wherein the product is ((ransH^*-cyano^^-<2-hydroxy-3,3-dimethyl-6-nilro-lH 
N'-phenylguanidine. 

5. A process of claim 1 wherein the product is (trans-)N-(2-hydroxy-3.3-dlmethyl-6^nltro-1-indanyl)-N'-phe- 
nyiurea. 

6. A process of daim 1 wherein the product is (fra/is-)-N-(2-hydroxy-3,3^Jimethyl-6.nitra-lHndanyl)-N'-(phe- 
nylmethyl)urea. 

7. A process of daim 1 wherein the product is (<rans)-N-(6-bromo-1 .2,3.4-tetrahydro-3-hydroxy-2.2-dimethyl- 
4-quinollnyl)-N"-cyano-N'-phenylguanidine. 

8. A process of daim 1 wherein the product is (iffiins)-N-{6-cyano-1 .2.3.4-tetrahydro-3.hydroxy-2.2-dimethy|. 
4-<|uinolinyl)-N''-cyano-N'-phenylguanidine. 

9. A process of claim 1 wherein the product is N-(6-cyano-3.3-dimethyl-1-indanyl)-N'-phenylurea. 

10. A process of daim 1 wherein the product is N.(6-cyano-3.3-dimethyl-1-indanyi)-N'-(phenyimethyl)urea. 

11. A process of daim 1 wherein the product Is N''-cyano-N'-(6-cyano-3,3-dimethyl-1-indanyl)-N'-phenyl- 
guanidine. 

12. A method of preparing a pharmaceutical composition which comprises combining a compound as defined 
In any preceding daim with a physiologically acceptable vehide. canrier or exdpienL 
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